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Introduction
A dedicated specification was assigned for NR UE performance requirements as 38.101-4. The target competition time for Rel-15 NR performance part is RAN#82 in Dec 2018. In this contribution, preliminary views for UE demodulation requirements were provided.
Discussion
In Rel-15, under NR WI, there are several physical layer features which related to baseband processing, and potential performance requirements required to cover such features.
Numerologies and CHBW
For LTE, only 15 kHz SCS and 6 (1.4MHz, 3MHz, 5MHz ~20MHz) Channel bandwidths were introduced. In LTE, all the channel bandwidths were supported by UE, and dedicated test cases were introduced to verify UE supported all the CHBWs (Test number 9, 10, 11,12,14,15 in table 8.2.1.1.1-2 of TS36.101). Beside of dedicated test cases covering CHBWs from 3MHz to 20MHz, almost all other test cases specified in LTE were based on 10MHz CHBW to ensure test coverage since almost all LTE bands support 10MHz.
For NR in Rel-15, 15 kHz, 30 kHz and 60 kHz supported for data channel transmission in FR1 and 60 kHz, 120 kHz supported in FR2. The Channel bandwidth sets are pending on numerologies and frequency ranges. For FR1, 5MHz ~50MHz supported for 15 kHz, for 30 kHz/60kHz numerologies, upper to 100MHz. For FR2, 50MHz ~200MHz for 60kHz, upper to 400MHz for 120kHz cases. Overall, we have 40 combinations of channel bandwidth and SCSs across FR1 and FR2 in total (in LTE, we only have 6 combos). It’s impractical to verify all the combinations. We need to pick up some combinations to introduce dedicated test cases which used to verify UE supporting different numerologies and Channel bandwidths. 
Ob1: It’s impractical to introduce demodulation test cases covering all the combinations of numerologies and channel bandwidths (total 40 combos) in early stage. 
Meanwhile we also need to select proper configuration of numerology and channel bandwidth as generic test set-up for normal performance requirements. In order to maximize test coverage and maintain performance requirements in a band agonistic manner, such generic combination {numerology and channel bandwidth} should be applicable for UE capability and all NR bands.
For supported numerologies, such agreements agreed in previous RAN4 meeting:
· FR1: 15kHz, 30kHz for sub 1GHz; 15kHz, 30kHz and 60kHz (optional) for above 1GHz
· FR2: 60kHz, 120kHz 
Regarding channel bandwidths supported by UE, all the channel bandwidths combos of FR1 in current specification mandatory supported by UE and for FR2, upper to 200MHz mandatory supported by UE.
As refer to table “5.3.5-1 Channel Bandwidths for Each NR band” in TS38.101-1 v15.1.0, we can observe that for FR1:
· All bands support the combination of {15 kHz/30kHz, 20 MHz} except band 76 and band 79. 
· Band 76 only support the combination of {15kHz, 5MHz}
· Band 79 start with minimum CHBW 40MHz 
And for FR2, all the bands in TS38.101-2 support below combinations:
· 60kHz: 50MHz, 100MHz, 200MHz
· 120kHz: 50MHz, 100MHz, 200MHz, 400MHz (optional)
With above observations, we proposed to use below combination {numerology and Channel bandwidth} as generic test set-up for UE performance requirements:
Proposal 1: Using below combination {numerology and Channel bandwidth} as generic test set-up for UE performance requirements
· FR1: 30kHz, 20MHz
· FR2: 60kHz, 100MHz
Also in order to ensure test coverage for specific bands and verify UE processing capability to support different combinations of numerologies and CHBW, below combinations proposed as dedicated test cases for numerologies and CHBWs.
Proposal 2: Introduce test cases for below combination {numerology and Channel bandwidth} as dedicated test cases for verify UE processing capability to support different combinations
· FR1: {30kHz, 20MHz} basic, {15kHz, 5MHz} ,{60kHz, 20 MHz}, {30kHz, 40MHz} 
· FR2: 60kHz, 100MHz basic, {120kHz, 200MHz}
Modulation and coding rate
For NR DL, QPSK, 16QAM, 64QAM and 256QM were supported. In LTE, QPSK 1/3, 16QAM 1/2, 64QAM 3/4 and 256 QAM 4/5 were used as normal combinations. In NR, such combinations still can be candidate normal configurations. Meanwhile, we also see the TBS determination methodology in RAN1 is different than what specified in LTE, now is more aligned with RAN4 rules for TBS selection in LTE phase, which try to ensure target code rate is more close to actual code rate considering actual overhead for PDSCH transmission. Taking LTE experience, FRC tables defined in annex were quite huge and accumulated (217 pages for FRC in current LTE spec), we may need to consider how to introduce FRC in NR with more efficiency and future proof way.
Ob2: Reusing LTE modulation and coding rate combinations of QPSK 1/3, 16QAM 1/2, 64QAM 3/4 and 256 QAM 4/5 (FR1 only) as candidate options for NR.
Ob3: RAN4 need to consider optimization of introducing FRC into specs.
Transmission schemes and layers 
In NR Rel-15, only one transmission scheme introduced with DMRS based transmission (transmission scheme 1). From RAN1 perspective, upper to 8 layers for SU-MIMO and upper 12 layers supported for MU-MIMO. Meanwhile from RAN4 agreements for UE RF architecture, 4 receiver ports with upper to 4 layers in FR1 and 2 receiver ports with upper to 2 layers supported.
Ob4: Demodulation test cases need to cover upper to 2/4 layers with 2Rx and 4Rx in Rel-15.
Channel model & Doppler shift
Basically, TDL mode captured in TR 38.901 can be used for introducing performance test cases in NR. For NR, large frequency ranges covered across FR1 and FR2, Doppler shift need to be considered with proper frequency ranges. As we calculated below for FR1 with different operating ranges:
	UE moving speed
	5km/h
	30km/h
	120km/h

	FDD band Operating ranges (800MHz ~2GHz)
	3.7Hz ~ 9Hz
	22Hz ~ 56Hz
	89Hz ~ 222Hz

	TDD band Operating ranges (1.5G~5GHz)
	7Hz ~23Hz
	42Hz ~ 139Hz
	167Hz ~555Hz


Proposal 3: For FR1 FDD, such Doppler shift recommended 5Hz, 30Hz, 100Hz, for FR1 TDD, Doppler shift as 15Hz, 90Hz and 360Hz 
Based on above analysis, list of candidate test cases were proposed below:
· Table 1 below list test cases for FR1 FDD mode (10 cases +2/4 receiver ports)
· Table 2 below list test cases for FR1 TDD mode (10 cases +2/4 receiver ports)
· Table 3 below list test cases for FR2 TDD mode (5 cases+ 2 receiver ports)
Table 1: List of test cases for FR1 FDD mode
	Test number
	Bandwidth
	SCS
	MCS & Coding rate
	Propagation Condition
	MIMO 
	Duplex mode
	Number of Layer

	1
	5 MHz
	15kHz 
	16QAM 1/2
	TDL-B(100ns), 30Hz 
	1x2
1x4
	FDD
	1

	2
	20 MHz
	30kHz 
	16QAM 1/2
	TDL-B(100ns), 30Hz
	1x2
1x4
	FDD
	1

	3
	40 MHz
	30kHz 
	16QAM 1/2
	TDL-B(100ns), 30Hz
	1x2
1x4
	FDD
	1

	4
	20MHz
	60kHz
	16QAM 1/2
	TDL-B(100ns), 30Hz
	1x2
1x4
	FDD
	1

	5
	20 MHz
	30kHz 
	QPSK 1/3
	TDL-C(300ns),  100 Hz
	1x2
1x4
	FDD
	1

	6
	20MHz
	30kHz
	64QAM 3/4
	TDL-A(30ns),  5Hz
	1x2
1x4
	FDD
	1

	7
	20MHz
	30kHz
	256QAM 4/5
	TDL-A(30ns),  5Hz
	1x2
1x4
	FDD
	1

	8
	20 MHz
	30kHz 
	16QAM 1/2
	TDL-B(100ns), 30Hz
	2x2
2x4
	FDD
	2

	9
	20 MHz
	30kHz 
	16QAM 1/2
	TDL-B(100ns), 30Hz
	4x2
4x4
	FDD
	2

	10
	20 MHz
	30kHz 
	16QAM 1/2
	TDL-B(100ns), 30Hz
	4x4
	FDD
	4



Table 2: List of test cases for FR1 FDD mode
	Test number
	Bandwidth
	SCS
	MCS & Coding rate
	Propagation Condition
	MIMO 
	Duplex mode
	Number of Layer

	1
	5 MHz
	15kHz 
	16QAM 1/2
	TDL-B(100ns), 90Hz
	1x2
1x4
	TDD
	1

	2
	20 MHz
	30kHz 
	16QAM 1/2
	TDL-B(100ns), 90Hz
	1x2
1x4
	TDD
	1

	3
	40 MHz
	30kHz 
	16QAM 1/2
	TDL-B(100ns), 90Hz
	1x2
1x4
	TDD
	1

	4
	20MHz
	60kHz
	16QAM 1/2
	TDL-B(100ns), 90Hz
	1x2
1x4
	TDD
	1

	5
	20 MHz
	30kHz 
	QPSK 1/3
	TDL-C(300ns),  360 Hz
	1x2
1x4
	TDD
	1

	6
	20MHz
	30kHz
	64QAM 3/4
	TDL-A(30ns),  15Hz
	1x2
1x4
	TDD
	1

	7
	20MHz
	30kHz
	256QAM 4/5
	TDL-A(30ns),  15Hz
	1x2
1x4
	TDD
	1

	8
	20 MHz
	30kHz 
	16QAM 1/2
	TDL-B(100ns), 90Hz
	2x2
2x4
	TDD
	2

	9
	20 MHz
	30kHz 
	16QAM 1/2
	TDL-B(100ns), 90Hz
	4x2
4x4
	TDD
	2

	10
	20 MHz
	30kHz 
	16QAM 1/2
	TDL-B(100ns), 90Hz
	4x4
	TDD
	4



Table 3: List of test cases for FR2 TDD mode
	Test number
	Bandwidth
	SCS
	MCS & Coding rate
	Propagation Condition
	MIMO 
	Duplex mode
	Number of Layer

	1
	100 MHz
	60kHz 
	16QAM 1/2
	FFS
	1x2
	TDD
	1

	2
	200 MHz
	120kHz 
	16QAM 1/2
	FFS
	1x2
	TDD
	1

	3
	100 MHz
	60kHz 
	QPSK 1/3
	FFS
	1x2
	TDD
	1

	4
	100 MHz
	60kHz 
	64QAM 3/4
	FFS
	1x2
	TDD
	1

	5
	100 MHz
	60kHz 
	16QAM 1/2
	FFS
	1x2
	TDD
	2



Conclusion
In this contribution, preliminary views for UE demodulation requirements were provided.
Ob1: It’s impractical to introduce demodulation test cases covering all the combinations of numerologies and channel bandwidths (total 40 combos) in early stage. 
Ob2: Reusing LTE modulation and coding rate combinations of QPSK 1/3, 16QAM 1/2, 64QAM 3/4 and 256 QAM 4/5 (FR1 only) as candidate options for NR.
Ob3: RAN4 need to consider optimization of introducing FRC into specs.
Ob4: Demodulation test cases need to cover upper to 2/4 layers with 2Rx and 4Rx in Rel-15.
Proposal 1: Using below combination {numerology and Channel bandwidth} as generic test set-up for UE performance requirements
· FR1: 30kHz, 20MHz
· FR2: 60kHz, 100MHz
Proposal 2: Introduce test cases for below combination {numerology and Channel bandwidth} as dedicated test cases for verify UE processing capability to support different combinations
· FR1: {30kHz, 20MHz} basic, {15kHz, 5MHz} ,{60kHz, 20 MHz}, {30kHz, 40MHz}
· FR2: 60kHz, 100MHz basic, {120kHz, 200MHz}
Proposal 3: For FR1 FDD, such Doppler shift recommended 5Hz, 30Hz, 100Hz, for FR1 TDD, Doppler shift as 15Hz, 90Hz and 360Hz
Based on analysis, list of candidate test cases were summarized in table 1, table 2 and table 3 for FR1 FDD, FR1 TDD and FR2 separately.
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[bookmark: _GoBack]Table 5.3.5-1 Channel Bandwidths for Each NR band in 38.101-1
	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS
kHz
	5 MHz
	101,2 MHz
	152 MHz
	202 MHz
	252 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	n1
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n2
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	n5
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n7
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n8
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n20
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n28
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n38
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n50
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes3
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes3
	

	n51
	15
	Yes
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n66
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	

	n70
	15
	Yes
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	

	n71
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n74
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n75
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n76
	15
	Yes
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n77
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n78
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n79
	15
	
	
	
	
	
	
	Yes
	Yes
	
	
	

	
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n80
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	n81
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n82
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n83
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n84
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	NOTE 1:	90% spectrum utilization may not be achieved for 30kHz SCS.
NOTE 2:	90% spectrum utilization may not be achieved for 60kHz SCS.
NOTE 3:	This UE channel bandwidth is applicable only to downlink.



Table 5.3.5-1: Channel bandwidths for each NR band from TS38.101-1
	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS
kHz
	50 MHz
	100 MHz
	200
MHz
	400 MHz

	n257
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n258
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n260
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n261
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes



